Introduction
Biological therapies, especially tumor necrosis factor (TNF)-a inhibitors, have revolutionized the management of rheumatoid arthritis (RA). More than a decade has passed since the initial introduction of TNF inhibitors, which have greatly expanded treatment options for patients with RA who have not responded to other synthetic disease-modifying anti-rheumatic drugs [1] .
Although the efficacy of this drug as a treatment for patients with active RA has been widely demonstrated [2, 3] , some RA patients initially respond to treatment, but subsequently their responsiveness decreases [4] . One of the alleged reasons for this phenomenon is immunogenicity associated with the drug itself.
Infliximab (IFX) is a chimeric monoclonal antibody that specifically binds both soluble and membrane-bound TNFa. It was the first anti-TNFa antibody that was clinically assessed for patients with RA. However, IFX can induce the formation of neutralizing antibodies [5] , resulting in (secondary) loss of efficacy and the appearance of adverse effects such as infusion-related reactions [6, 7] . In several recent studies, the retention rate of IFX was lower than of other TNF inhibitors. Thus, it is useful to switch to a less immunogenic biologic from IFX to control disease activity or adverse events.
Golimumab, a human anti-TNF monoclonal antibody, inhibits TNF bioactivity. In patients with RA who did not respond adequately to methotrexate (MTX) and/or anti-TNF agents, subcutaneous golimumab (GLM-SC) plus MTX reduced RA signs/symptoms and was generally well tolerated [8] [9] [10] [11] . GLM-SC is also less immunogenic than other TNF inhibitors [12, 13] . The purpose of this study was to evaluate the efficacy and safety of switching from IFX to GLM-SC in RA patients.
Patients and Methods

Patients
Data from patients with RA who were switched from IFX to GLM-SC therapy to control disease activity or because of the adverse events of IFX at Mie University and two other institutes were retrospectively analyzed. The Ethics Committee of Mie University approved the protocol for this study.
Study Protocol
The study was a simple observational study of patients after switching to GLM-SC to control disease activity or adverse events. Follow-up observation was monitored by symptoms, signs, and disease activity score (DAS) 28 at weeks 0, 12, 24, and 52.
Golimumab Therapy
In Japan, GLM-SC is required to be administered at 4-week intervals. In daily practice, however, the interval may be longer than 4 weeks, and no specific dosing interval has actually been established for GLM-SC. At our center, the decision on administration is made by the treating physician through discussion with each patient, considering the patient's general condition and convenience.
The patients with low disease activity (LDA) or remission were divided into two dose groups: [1] the LDA group, which included patients with LDA or remission who switched to GLM therapy with 50 mg at 4-week intervals and [2] the LDA every 8 weeks (q8w) group, which included patients with LDA or remission who switched to GLM therapy with 50 mg at 8-week intervals. The moderate disease activity (MDA) group included patients with MDA who switched to GLM therapy with 50 mg at 4-week intervals.
Clinical Assessment of Serum Markers
The RA status was evaluated at 12, 24, and 52 weeks after the initiation of GLM treatment by the serum C-reactive protein (CRP) level and erythrocyte sedimentation rate (ESR). DAS 28-ESR and DAS28-CRP were used to evaluate RA disease activity compared with baseline; the DAS28 was calculated according to the standard formula [14, 15] . The GLM continuation rates at 52 weeks were also examined. Data for patients who discontinued before week 52 were analyzed by the last observation carried forward method. For the safety evaluation, adverse events leading to discontinuation of treatment were assessed in each group.
Statistical Analysis
Differences between groups in terms of swollen and tender joint counts, patient global assessment, ESR, CRP, DAS28-ESR, and DAS-CRP scores were assessed using the Wilcoxon signed rank test, Wilcoxon rank sum test, analysis of variance, Pearson's test, or the Tukey-Kramer honestly significant difference test. The last observation carried forward was applied when patients discontinued treatment or when data were unavailable. A p-value less than 0.05 was considered statistically significant.
Results
Patients' Characteristics
The subjects were 33 RA patients (26 were female; seven were male) who started receiving GLM treatment. Their baseline characteristics are summarized in Table 1 . The mean age of the patients was 64.5 years, the mean disease duration was 11.8 years, and the mean duration of IFX treatment was 4.4 years.
A total of 33 patients were analyzed during the survey period: 14 in the LDA group, 13 in the LDAq8w group, and 6 in the MDA group. One patient received GLM 50 mg/4 weeks without MTX because of chronic kidney disease (nephritis). All the patients with LDA or remission (the LDA and the LDAq8w group) were switched to GLM therapy to control disease activity. In patients with MDA (the MDA group), three patients were switched to control disease activity and the adverse events of IFX. Adverse events with IFX were pyelonephritis in one patient and infusion reactions in two patients. The percentage of patients who used MTX concomitantly was 97.0% (32/33) overall, and 100, 100, and 83.3% in the LDA, LDAq8w, and MDA groups, respectively. The mean (±standard deviation) dose of MTX in the LDA, LDAq8w, and MDA groups was 6.1 (±1.5) mg/week, 5.8 (±1.5) mg/week, and 6.8 (±1.1) mg/week, respectively. The percentage of patients with concomitant corticosteroid use was 70.0% (23/33) of all patients. The percentage of patients who received corticosteroids in the LDA group (35.7%) was significantly smaller than the percentage in the LDAq8w group (92.3%) and the MDA group (100%). The mean dose of corticosteroid in the LDA group as a whole was also significantly smaller compared with that in the LDAq8w group and the MDA group. However, the mean corticosteroid dose per patient who took a corticosteroid was not significantly different in the LDA The LDAq8w group had shorter RA disease duration than the LDA and MDA groups. There were no significant differences in serum markers or disease activity between the LDA and LDAq8w groups at baseline. The MDA groups were significantly worse in class, serum markers, and disease activity (except the patient's global assessment score) than the LDA and LDAq8w groups. BMI body mass index, CRP C-reactive protein, DAS28 disease activity score 28, ESR erythrocyte sedimentation rate, IFX infliximab, LDA low disease activity, m ± SD mean ± standard deviation, MDA moderate disease activity, PaGA patient's global assessment score, q8w every 8 weeks, RA rheumatoid arthritis, RF rheumatoid factor, The LDA group has a smaller number of patients with corticosteroid use than the LDAq8w group. The LDAq8w group has shorter RA disease duration than the LDA group. However, there are no significant differences in serum markers or disease activity between the LDA and LDAq8w groups at baseline TJC, tender joint count, SJC, swollen joint count, TJC tender joint count,; PaGA, patient's global assessment score; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; RF, rheumatoid factor; DAS28, disease activity score 28; m ± SD, mean ± standard deviation
Effectiveness and Safety of Golimumab Therapy
The mean DAS28-ESR and -CRP values in the LDA, LDAq8w, and MDA groups were maintained or improved from week 0 to week 52. Although the DAS28-ESR and -CRP values showed no significant differences between the LDA and LDAq8w groups at baseline, DAS28-ESR at weeks 12, 24, and 52 was significantly lower in the LDAq8w group than in the LDA group. However, DAS28-CRP was not significantly different between the two groups at each point throughout the 52-week treatment period (Table 2 ). In addition, the proportions of patients who achieved DAS28-ESR remission (defined as DAS28-ESR \2.6) in the LDA group and the LDAq8w group went from 78.6% (11/14) and 76.9% (10/13) at week 0 to 100% (14/ 14) and 92.3% (12/13) at week 52, respectively ( Table 2) . The proportion of patients who achieved DAS28-CRP remission (\2.3) in the LDA group and the LDAq8w group over time went from 78.6% (11/14) and 92.3% (12/13) at week 0 to 100% (14/14) and 100% (13/13) at week 52, respectively (data not shown). Thus, GLM-SC treatment regimens were effective in maintaining and improving the clinical response achieved with LDA by IFX. In the MDA group, the mean DAS28-ESR and -CRP values improved from baseline to 52 weeks. DAS28-ESR changes were significantly improved from baseline to week 12 (p = 0.025), week 24 (p = 0.011), and week 52 (p = 0.010), and DAS28-CRP changes were also significantly improved (week 52; p = 0.030). The proportions of patients who achieved remission and LDA (defined as DAS28-ESR \3.2) increased in a time-dependent manner. In three patients who switched to control disease activity, tow patients experienced remissions and one patient had MDA at week 52. There were no patients with flare to high disease activity.
The overall rate of treatment continuation was 100% at week 24 and 97.0% at week 52. The rates of treatment continuation in the LDA, LDAq8w, and MDA groups were 100, 100, and 87.5%, respectively, at week 52. Reasons for discontinuation of GLM therapy included an adverse event in one patient after week 24 (Table 3 ).
Adverse Events
No patients in the LDA and LDAq8w groups withdrew from the study because of adverse events or lack of efficacy, while in the MDA group, one patient withdrew because of an adverse event (kidney cancer) after 24 weeks. No patients in the LDA and LDAq8w groups showed unexpected adverse events and discontinued GLM therapy by 52 weeks. However, in one patient, the MTX dose was decreased because of liver function test abnormalities and interstitial lung disease (Table 3) . Infections Table 2 Changes in disease activity measured before treatment and at weeks 12, 24, and 52 in each group. Overall disease control is maintained after switching from infliximab to golimumab-SC in both groups were the most commonly reported adverse events across all treatment groups, occurring in 14.3, 23.1, and 33.3% of patients in the LDA, LDAq8 week, and MDA groups, respectively (Table 3) . Although no patient discontinued GLM because of infection, the infection rates were high. As a group with a high corticosteroid use, the rate of infectious disease was high. The infectious diseases may have been related to the use of corticosteroids.
Discussion
Biologic agents have enabled good therapeutic successes; however, the response to biologic therapy depends on treatment history and, especially, disease duration [16] . Some RA patients initially respond to treatment, but their responsiveness subsequently decreases [4] . This lack of clinical response in patients with antidrug antibodies (ADAbs) may be explained by an immune complex formation between TNF inhibitors and ADAbs suppressing the drug and restricting its therapeutic role. This may be related to an increase in the drug's clearance owing to the presence of immune complexes, which leads to lower serum drug concentrations [6, 17] or to direct neutralization of the biologic interfering with the fixation of the drug to TNF [18] .
The reported rate of development of ADAbs to IFX in clinical studies ranges from 6 to 61% [13] . In a systematic review, 25.3% of patients using IFX developed ADAbs [12] . The presence of ADAbs toward IFX is generally associated with reduced serum IFX concentrations, with decreased clinical response to IFX and increased adverse events [19] .
Among the newer anti-TNF agents, GLM is a human monoclonal anti-TNF agent administered subcutaneously every 4 weeks. Patients with active RA who previously received TNF inhibitor therapy and were treated with GLM and concomitant MTX in the GO-AFTER trial demonstrated clinically relevant improvement in disease activity and physical function after switching to GLM, regardless of which TNF inhibitor had been taken previously [11] . Of particular note, patients who switched from IFX appeared to show better subsequent responses to GLM. The MDA group had a significantly worse class than the LDA and LDAq8w groups and had longer RA disease duration than the LDAq8w group. Although only two of six MDA patients achieved remission, four patients achieved remission and LDA with switching to GLM. Two other patients were maintained with MDA, but they did not flare to high disease activity. The present study demonstrated clinical improvement of disease activity in the MDA group after switching to GLM and control of disease activity in the LDA group and the LDAq8w group.
In the previous intravenous GLM trial, therapy was administered at weeks 0 and 4 and q8w [20] . Clinical improvements were sustained through week 24. However, the longer dosing interval in that trial yielded low systemic drug exposure in the later period of the 12-week dosing interval and did not result in a robust American College of Rheumatology 50 response at early time points [21] . Furthermore, antibodies to GLM were detected in a low percentage of patients (3% at week 24) following repeated intravenous infusions of GLM q8w compared with every 12 weeks (5 and 7% at weeks 24 and 48, respectively).
Although an association between ADAb formation and lowered trough serum GLM levels has been reported in RA, no associations among ADAb formation and clinical response and adverse events were reported [9] . Administration of GLM 50 mg q8w may control disease activity if there is remission or LDA and a shorter disease duration. Thus, these data evaluating two different intervals of administration of the same compound have demonstrated that response to GLM is maintained or improved, without an increase in toxicity/tolerability, following a switch from intravenous IFX to GLM-SC.
One limitation of the present study is the lack of radiographic data, which leaves the possibility that residual disease activity could induce structural damage, although we think that such effects, if they exist, are at best small. Second, we have no data on ADAbs. Third, the sample size was small. Finally, disease relapses after 12 months cannot be excluded.
Conclusions
The present results indicate that efficacy is adequately maintained in the majority of Japanese RA patients who switch from IFX q8w to GLM-SC q4-8w. Safety was also demonstrated to be consistent. These results provide supportive evidence for GLM-SC, as well as IFX, as useful options for treating RA.
